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METHODS OF 
TEST FOR VULCANIZED RUBBERS 

PART 13 TENSION SET 

( First Revision ) 

0. FOREWORD 

0.1 This Indian Standard ( First Revision ) was adopted by the Indian 
Standards Institution on 8 September 1983, after the draft finalized by the 
Rubber Products Sectional Committee had been approved by the 
Petroleum, Coal and Related Products Division Council. 

0.2 Tension set is an important property for the rubber components 
subjected to tensile stress, intermittently. 

0.3 The requirements for tension set in some of the present product 
specifications are based on different durations of time for application of 
strain and the formulae for calculations. The time and the formula specified 
in the product specifications shall be followed till they are revised to 
amend the value of tension set based on this test method. 

0.4 This standard was originally published in 1972, and covered only 
three types of test pieces. In this revision, dumb-bell type test pieces are 
being included. 

0.5 This standard is mainly based on ISO 2285-1981 'Vulcanized rubbers — 
Determination of tension set under constant elongation at normal and high 
temperatures', issued by International Organization for Standardization. 

0.6 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, expressing 
the result of a test or analysis, shall be rounded off in accordance with 
IS : 2-1960*. The number of significant places retained in the rounded 
off value should be the same as that of the specified value in this 
standard. 

*Rules for rounding off numerical values ( revised ), 
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1. SCOPE 

1.1 This standard ( Part 13 ) prescribes the method for the determination 
of tension set of vulcanized natural and synthetic rubbers. This method is 
suitable for rubbers having the hardness within the range 30 to 94 Inter- 
national Rubber Hardness Degrees ( 1RHD ), to retain their elastic 
properties after extension at the standard laboratory temperature, to a 
specified strain which is maintained for a specified time at the same or at 
a specified higher temperature and then released at laboratory temperature. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the following definitions shall 
apply. 

2.1 Tension Set — Proportion of applied strain remaining after a test 
piece has been stretched and allowed to retract in a specified manner. 

3. OUTLINE OF THE METHOD 

3.1 Test piece of standard dimension is stretched to a specified length in 
a suitable apparatus, for specified time and temperature and then allowed 
to recover. The tension set is then calculated as the percentage of the initial 

strain. 

4. TEST PIECE 

4.0 Four types of test pieces are described, strips, strips with enlarged 
ends, dumb-bells and rings. Tests made with different types of test pieces do 
not necessarily give the same value of tension set, neither shall the tests made 
at different temperatures necessarily place vulcanizate in the same order of 
merit. 

4.1 Preparation 

4.1.1 Strip Test Piece — Strips, of the material under test, between 2 
and 10 mm in width and 2*0+0*2 mm thick shall be cut with a sharp die 
from a flat sheet. A width of 60 mm is preferred. The sheets may be prepared 
by moulding or from finished articles by cutting and buffing. Strip test 
pieces may have, well outside the reference length, wider ends for easier 
clamping. The length of any given strip depends on the selected reference 
length and type of straining device. 
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4.1.2 Strip Test Pieces with Enlarged Ends — Test pieces of the shape 
shown in Fig. 1 shall be cut with a sharp die from a flat sheet, 2'0±0*2 mm 
thick, of the material under test. The length of the narrow section 
( reference length ) shall be between 25 and 50 mm. The sheets may be 
prepared by moulding or from finished articles by cutting and buffing. 
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Fig. 1 Test Pieces with Enlarged Ends 

4.1.3 Dumb-Bell Test Piece — Dumb-bell test pieces shall have the 
outline shown in Fig. 2, when punched with dies, and shall conform to the 
dimensions given for Types 1, 2 and 3 in Table 1 when read with Fig. 1. 




Fig. 2 Dumb-Bell Test Pieces 

4.1.3.1 Dumb-bell Type 2 and Type 3 ( see Fig. 2 and Table 1 ) shall 
be used only in cases where there is insufficient material to enable dumb- 
bell, Type 1 to be used. 

4.1.3.2 The bench marks shall not be more than 25 mm for Type 1, 
20 mm for Type 2 and 10 mm for Type 3 and shall be equidistant from 
the ends of the central, parallel-sided part of the test piece. 

Note — The use of automatic extensometers is recommended, particularly when 
bench marks, 10 mm apart, are used to measure the elongation. 
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TABLE 1 DIMENSIONS OF DUMB-BELL TEST PIECES 




(Clause 4.1.3) 




Dimension Type 1 Type 2 
(0 (2) (3) 
mm mm mm 


Type 3 

(4) 
mm 


Overall length (A), Min 115 75 
Width of ends (B) 25±1 12'5±10 
Length of narrow para- 33 ± 2 25 ± 1 
Ilei portion (C) 


35 

6±0 5 
12±0'5 


Width of narrow para- A -* 4*0±(M 

JJel portion* (D) _ . 
Small radius (r) 14±1 80±0'5 
Large radius (R) 25±2 12*5±1*0 
Thickness 2 ±0 2 2*0±0*2 


2±01 

3±01 

3±01f 

1±01 


*The variation within any one die shall not exceed 005 mm. 




tCentre of circle on the central line of dumb-bell. 





4.1,4 Ring Test Piece — Ring test pieces shall be cut from a flat sheet of 
the material under test, prepared by moulding or from finished articles by 
cutting and buffing, by means of a pair of concentric circular dies or 
rotating cutters. The separation of the two cutting edges on such dies or 
cutters shall not differ from the average value by more than 0'05 mm. 

The following two sizes of ring test piece may be used: 



Large ring test piece: 

Thickness 

Outer diameter 
Inner diameter 

Small ring test piece: 

Thickness 
Outer diameter 
Inner diameter 



4'0±0'2 mm 

52'6±0*2 mm 
44*6+0'2mm 



2'0±0*2 mm 
33"5±0 § 2 mm 
29'5±0*2 mm 



4.2 Marking — A reference length shall be marked on the test pieces 
using a suitable bench marker and ink, which does not affect the material 
and withstands the temperature of test. The reference length for strip 
test pieces shall be between 25 and 50 mm. In tbe case of marking of 
ring test pieces, they shall be straightened by means of the rigid channel 
and the reference length, preferably 40 mm for large ring test pieces and 
25 mm for snail ring test pieces, marked on one pf the straightened 
sides* 



IS : 3400 ( Part 13 ) - 1983 

4.3 Number of Test Pieces — Three test pieces shall be used. 

4.4 Time Lapse Between Manufacture and Testing 

4.4.1 For all test purposes the minimum time between manufacture and 
testing shall be 16 hours, in order to ensure that the material attains 
dimensional stability due to stress relaxation. 

4.4.2 In order to bind the user and supplier to a stipulated time for 
carrying out conformity test for supplied material, the following shall 
apply. 

4.4.2.1 For non-product test, separate test piece is required for testing. 
Therefore, the maximum time between manufacture and testing shall be 
8 weeks and for evaluation intended to be comparable, the tests as far as 
possible, should be carried out after the same time interval. 

4.4.2.2 For product test, whenever possible, the time between manu- 
facture and testing should not exceed 4 months. In other cases tests shall 
be made within 2 months of the date of the receipt of the product by the 
customer. 

4.5 Conditioning — Prepared test piece shall be conditioned immediately 
before testing for a minimum period of 3 hours at 27±2 U C, the same 
temperature being used throughout the test. 

5. APPARATUS 

5.1 Straining Device — It consists of a metal rod or other suitable guide 
fitted with two pairs of holders, one fixed and one movable, for the ends 
of the test piece. The holders shall be in the form of self-tightening clamps 
for strip test pieces, in the form of jaws to hold tap ends in a firm position 
for strip test pieces with enlarged ends and in the form of flat pulleys of 
about 5 mm width and 10 mm diameter for ring test pieces. If so desired, 
means of operating the moving holder other than by hand may be pro- 
vided, for example, a screwed rod, provided that the tolerances on exten- 
sion speed aTe met ( see 6.1 ). Suitable stops or graduations may also be 
provided, to avoid over-extension in the initial straining of the test piece. 

Straining devices shall be so designed that when used at high tem- 
perature in an oven, they can be placed with the reference lengths of the 
test pieces perpendicular to the direction of the air flow; they shall also 
be of minimal mass in order to avoid excessive lag in attainment of tem- 
perature equilibrium after introduction into an oven. 

Multiple unit straining devices may be used, provided the foregoing 
requirements are met. 
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5.2 Measuring Device — Suitable for measuring length to the nearest 
0*1 mm. 

5.2*1 For strip test pieces a bench marker shall be provided to mark the 
length used for measurement, hereinafter called the reference length. 

5*2.2 For strip test pieces with enlarged ends the length of the narrow 
portions shall be used as the reference length. 

5.2.3 For ring test pieces the reference length may alternatively be the 
inner diameter of the ring, in which case a graduated cone, allowing 
measurements to be made to the nearest 0*1 mm, may be used. If measure- 
ments are made on a straight reference length, a rigid channel, 3'5 mm 
deep and 20 mm wide for large ring test pieces, and 1*75 mm deep and 
10 mm wide for small ring test pieces, shall be provided and for strengthen- 
ing portions of such test pieces during marking and measuring of the refer- 
ence length. 

6. PROCEDURE 

6.1 Measure the unstrained reference length to the nearest 01 mm at 
27+2°C. Place the ends of strip test pieces into the clamps, or tab ends 
of test pieces with enlarged ends into the jaws, or String test pieces over 
the pulley rims of the straining device. Extend the test pieces to the 
required strain at a speed between 2 and 10 mm/s. 

With ring test pieces, rotate the pulleys slightly by hand to equalize 
the strain in the two halves of the ring, ensuring that the reference length 
remains centralized between the pulleys. 

6.2 Between 10 and 20 minutes after the specified strain has been reached, 
measure the strained reference length to the nearest 0*1 mm. When using 
the inner diameter of ring test pieces as the reference length, it may be 
calculated from the diameter of the pulleys and the distance between them, 
measured to the nearest 0*1 mm. If the strain, calculated as described 
in 7.1, does not conform to the appropriate standard value after taking 
account of tolerances, discard the test pieces, prepare a fresh test piece 
with a modified applied strain. 

6.3 Tests at Elevated Temperatures 

6.3.1 For tests at other than standard laboratory temperatures, place 
the strained test pieces into the oven operating at the test temperature: 
Between 20 and 30 minutes after the specified strain has been reached; at 
the end of the test period, remove the test pieces from the oven and allow 
to cool in the strained condition for 30 to 35 minutes. 
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6.3.2 Release the strain at a speed of 2 to 10 mm/s, remove the test 
pieces from the clamps or pulleys and lay free on a wooden surface. After 

30 _ minutes measure the reference length to the nearest TO mm, using 

the rigid channel to straighten ring test pieces, if required. 

6.3.3 The common elevated temperatures at which this test may be 
carried out are 70±1°C, 85±1°C, 100±1°C, 125±2°C and 150+2°C If 
a temperature other than standard laboratory temperature is used, 70±1°C 
shall be preferred. For special cases, higher standard temperature may be 
used. 

7. STRAIN AND DURATION OF TEST 

7.1 Strain 

7.1.1 Calculation 

Percentage strain = 1 00 - J -~^- fl - 

lo 

where 

/j— original unstrained reference length, and 
Is— strained reference length, which shall be one of the 
following values: 

percent 

(25 + 2*5) 

(50+5) 
( 100+10) 
(200+10) 
(300+10) 

7.1.2 The strain value should be selected in accordance with the final 
application of the vulcanizate and with reference to its breaking elongation 
and the test temperature. The value (100+10) percent is preferred 
unless the above considerations dictate otherwise. 

7.2 Duration of Test — The test pieces shall be strained for 24 * hours or 

alternatively, if a longer test period is required, 72 + hours or 168 *o 

hours, the test period commencing 30 minutes after the original strain- 
ing of the test pieces. 

8. CALCULATION 

84 Calculate the tension set as a percentage of initial strain: 

Tension set=100-jr — ,°- 

is — 1 
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where 

/i = reference length after recovery, 
I = unstrained reference length, and 
h — strained reference length. 

8.1.1 The mean of the results for the three test pieces shall be reported, 
if the individual value for the three test results agree within 10 percent of 
the mean. If they do not, the test shall be repeated using three further 
test pieces and the same procedure used for them. If they do not agree 
with 10 percent of the mean, median of six test results shaJl be reported, 

9. TEST REPORT 

9.1 The test report shall include the following information: 

a) Method of preparation of the test pieces, for example, whether 
moulded or cut; 

b) A full description of the sample and any relevant facts about its 
pre-test history; 

c) Curing condition applied to the test pieces, if known; 

d) Duration and temperature of conditioning of the test pieces 
prior to testing; 

e) Type and dimensions of the test pieces; 

f ) Number of test pieces tested; 

g) Strain applied; 

h) Duration and temperature of test; 

j) Any non-standardized procedure adopted; 

k) Mean or median value of the tension set, in percent, for test 

pieces tested; and 
m) Date of the test. 



10 



IS : 3400 ( Part 13 ) - 1983 

( Continued from page 2 ) 

Members Representing 

Shri R. N. P. Dubey Directorate General of Technical Development 

Dr V. R, B. Mathur ( Alternate ) 
Shri C. S. Inamdar Cosmos India Rubber Works Pvt Ltd, Bombay 

Shri Sen Gupta ( Alternate ) 
Shri G. R. Kavishvar Indian Rubber Regenerating Co Ltd, Bombay 

Shri P. S. Virani ( Alternate ) 
Shri S. K. Maheshwari Indian Petrochemicals Corporation Ltd, 

Petrochemicals 

Dr Y. N. Sharma ( Alternate ) 
Dr S. P. Manik Research, Designs and Standards Organization 

( Ministry of Railways ) 

Shri G. Doraiswamy ( Alternate ) 
Dr R, N. Mehrotra Synthetics and Chemicals Ltd, Bombay 

Dr B. Suryanarayanan ( Alternate ) 
Dr W. Millns Indian Rubber Manufacturers Research Association, 

Thane 

Dr M. S. Banerji ( Alternate ) 

Shri R. R. Pandit Bayer ( India ) Ltd, Bombay 

Shri N. D. Desai ( Alternate ) 
Shri V. D. Pendse Swastik Rubber Products Ltd, Pune 

Shri S. V. Tathawadkar ( Alternate ) 
Shri C. R. Rao National Test House, Calcutta 

Shri V. R. Rao Sundram Industries Ltd, Madurai 

Shri K. C. Madhusudhanan ( Alternate ) 
Shri S. Sarkar Bata India Ltd, Calcutta 

Shri D. Banerjee ( Alternate ) 
Shri A. Sen Dunlop India Ltd, Calcutta 

Shri J. C. Bose ( Alternate ) 
Shri B. C Sen Ministry of Defence ( DGI ) 

Shri P. L. Nag ( Alternate ) 
Shri E. V. Thomas Rubber Research Institute of India, Kottayam 

Shri K. Kochapan Nair ( Alternate ) 



11 



BUREAU OF INDIAN STANDARDS 

Headquarters: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, NEW DELHI 110002 

Telephones: 323 0131, 323 3375, 323 9402 

Fax: 91 11 3234062, 91 11 3239399, 91 11 3239382 

Telegrams : Manaksanstha 

(Common to all Offices) 

Central Laboratory : Telephone 

Plot No. 20/9, Site IV, Sahibabad Industrial Area, Sahibabad 201010 8-77 00 32 

Regional Offices: 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg, NEW DELHI 110002 323 76 17 

'Eastern : 1/14 CIT Scheme VII M, V.LP. Road, Maniktola, CALCUTTA 700054 337 86 62 

Northern : SCO 335-336, Sector 34-A, CHANDIGARH 1 60022 60 38 43 

Southern : C.I.T. Campus, IV Cross Road, CHENNAI 6001 13 235 23 15 

tWestern : Manakalaya, E9, Behind Marol Telephone Exchange, Andheri (East), 832 92 95 
MUMBAI 400093 

Branch Offices:: 

'Pushpak', Nurmohamed Shaikh Marg, Khanpur, AHMEDABAD 380001 550 13 48 

JPeenya Industrial Area, 1 st Stage, Bangalore-Tumkur Road, 839 49 55 
BANGALORE 560058 

Gangotri Complex, 5th Floor, Bhadbhada Road, T.T. Nagar, BHOPAL 462003 55 40 21 

Plot No. 62-63, Unit VI, Ganga Nagar, BHUBANESHWAR 751001 40 36 27 

Kalaikathir Buildings, 670 Avinashi Road, COIMBATORE 641037 21 01 41 

Plot No. 43, Sector 16 A, Mathura Road, FARIDABAD 121001 8-28 88 01 

Savitri Complex, 1 16 G.T. Road, GHAZIABAD 201001 8-71 19 96 

53/5 Ward No.29, R.G. Barua Road, 5th By-lane, GUWAHATI 781003 54 1 1 37 

5-8-56C, L.N. Gupta Marg, Nampally Station Road, HYDERABAD 500001 20 10 83 

E-52, Chitaranjan Marg, C- Scheme, JAIPUR 302001 37 29 25 

1 17/418 B, Sarvodaya Nagar, KANPUR 208005 21 68 76 

Seth Bhawan, 2nd Floor, Behind Leela Cinema, Naval Kishore Road, 23 89 23 
LUCKNOW 226001 

NIT Bui'' ,: ng, Second Floor, Gokulpat Market, NAGPUR 440010 52 51 71 

Patliputra Industrial Estate, PATNA 80001 3 26 23 05 

Institution of Engineers (India) Building 1 332 Shivaji Nagar, PUNE 411 005 32 36 35 

T.C. No. 14/1 421 , University P. 0. Palayam, THIRUVANANTHAPURAM 695034 6 21 17 



*Sales Office is at 5 Chowringhee Approach, P.O. Princep Street, 27 1 85 

CALCUTTA 700072 

tSates Office is at Novelty Chambers, Grant Road, MUMBAI 400007 309 65 28 

$ Sales Office is at T Block, Unity Building, Narashimaraja Square, 222 39 71 

BANGALORE 560002 



Reprography Unit, BIS, New Delhi, India 



